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Factors affecting the severity of motor vehicle
traffic crashes involving young drivers in Ontario

Yang Mao, Jun Zhang, Glenn Robbins, Kathy Clarke, Miu Lam, William Pickett

Abstract
Objectives-To assess the factors affecting
the severity of motor vehicle traffic
crashes involving young drivers in Ontar-
i0.

Population-Ontario young drivers, aged
16 to 20, involved in traffic crashes result-
ing in injury, between 1 January 1988 and
31 December 1993, on public roads in
Ontario.

Methods-Population based case-control
study. Cases were fatal injury, major
injury, and minor injury crashes involving
young drivers. Controls were menmal
injury crashes involving young drivers.
Cases and controls were obtained retro-
spectively from the Canadian Traffic Ac-
cident Information Databank. Uncondi-
tional logistic regression was used for data
analysis.

Results-Factors significantly increasing
the risk of fatal injury crashes include:
drnking and driving (odds ratio (OR)
2.3), impairment by alcohol (OR 4.8),
exceeding speed limits (OR 2.8), not using
seat belts (OR 4.7), full ejection from
vehicle (OR 21.3), intersection without
traffic control (OR 2.2), bridge or tunnel
(OR 4.1), road with speed limit 70-90 km/
hour (OR 5.6) or 100 kmlhour (OR 5.4),
bad weather (OR 1.6), head-on collision
(OR 80.0), and overtaking (OR 1.9).
Results of the same model applied to
major and minor injury crashes demon-
strated consistent but weaker associations
with decreasing levels of crash severity.

Conclusions-A causal relationship be-
tween crash severity and the risk factors
listed above was proposed. Risk factors
recommended for preventive intervention
include: alcohol consumption, speeding,
and use of seat belts. Head-on collisions
are of primary concern.
(Injury Prevention 1997; 3: 183- 189)

Keywords: motor vehicle traffic crashes; young driver;
risk factor; case-control study.

Fourteen per cent of driver fatalities associated
with motor vehicle traffic crashes in the
province of Ontario involve drivers between
the age of 16 and 20 even though only 7% of
motor vehicle drivers are in this age group.'

Risk factors for motor vehicle traffic crashes
have been documented in previous studies,'-8
including driver characteristics and behaviors,
environmental factors, crash characteristics,
and type of vehicles involved. Studies have
focused on young male drivers,9 drinking and
driving,o"' speeding,"" not using seat

belts,'4 '5 and driving on weekends and at
night,'6 17 all of which are positively associated
with increased risk of fatal injury. The role of
crash type,'8 vehicle type,'9 and manoeuvre,
however, has not been studied extensively. The
effect of posted road speed limits'02' and
weather conditions" 23 on the probability of
injury or mortality is controversial.

Unlike previous reports, this epidemiologic
study quantifies the strength of association
between potential risk factors and crash sever-
ity-fatal, major, or minor-compared with
minimal crash severity (for definitions, see
table 1). It also examines how these risk factors
are inter-related.

Materials and methods
DATABASE
The Canadian Traffic Accident Information
Databank (TRAID, version 3), operated and
managed by Transport Canada, compiles
surveillance data from police reports of traffic
crashes. It includes crash, vehicle, and personal
data for individuals involved in collisions that
occur on Canadian public roads and result in
injury.24

Crash data include time (month, day, hour),
conditions (road, weather, light), and crash
configuration (for example head-on). Vehicle
data describe the type of vehicle and man-
oeuvres involved. Personal data include road
user (for example driver, passenger), age, sex,
use of seat belts, alcohol involvement (drinking
and driving, that is blood alcohol concentra-
tion (BAC) < 0.08%, or impaired, that is BAC
> 0.08%), speeding, and severity of injuries
(fatal, major, minor, and minimal) for indivi-
duals involved in the crash. (BAC is deter-
mined by various means including blood test,
breath test, urine test, or police observation
alone.)

Injury severity data are provided through
police observations at the scene and follow up
through hospital records at 30 days if the
injured person was admitted to hospital. Fatal
injury is defined by police as death occurring

Table 1 Levels of crash severity
Fatal injury At least one person (driver or passenger)

crash killed (within 30 days) by injuries
sustained in the crash

Major injury At least one person injured and admitted
crash to hospital but no fatalities

Minor injury At least by one person requiring medical
crash care but no fatalities or injuries requir

ing hospitalization

Minimal injury At least one person injured (for example
crash minor abrasions/bruises) but no medical

attention required and no other more
severe injuries
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within 30 days from injuries sustained in the
crash. Major injury includes injury that re-
quires medical treatment in hospital. Minor
injury includes injury that requires medical
attention (for example in emergency room) but
not hospitalization. Minimal injury refers to
injury such as abrasions and bruises that do not
require medical attention.

CASE-CONTROL STUDY
A population based case-control study was
conducted using all motor vehicle traffic
crashes involving drivers aged 16 to 20 and
associated with automobiles, vans, or light
trucks in Ontario between 1988 and 1993.
Crashes involving pedestrians, cyclists, large
trucks, buses, motorcycles, and other types of
vehicle were excluded. Crashes that involved
no injury and/or property damage alone were
not included because such data were not
available for this study.

Case and control status was determined by
crash severity, that is cases were fatal, major, or
minor injury crashes and controls were mini-
mal injury crashes (see table 1). The outcome,
crash severity, reflects the most severe injury
sustained by any individual involved in the
crash. Environmental, crash, and vehicle risk
factors are also related to the crash; personal
risk factors, however, describe young driver
characteristics and behaviors (for example
BAC or speeding).
A primary analysis compared cases, that is

fatal injury crashes involving young drivers,
and controls, that is minimal injury crashes
involving young drivers. Secondary analyses
then compared major and minor injury crashes
to minimal injury crashes. A total of 1009 fatal
injury crashes and 41 663 minimal injury
crashes involving young drivers aged 16 to 20
were identified from TRAID during the study
period. In addition, 6646 major injury crashes
and 33 723 minor injury crashes were used for
secondary analyses.

This exploratory study included all potential
risk factors available in TRAID: age, sex,
drinking and driving, impaired by alcohol,
speeding, use of seat belts, crash time and
conditions at the crash site, crash configura-
tion, and vehicle type and manoeuvre (see
table 2).

STATISTICAL ANALYSES
In the primary analysis, the crude odds ratio
(OR) with 95% confidence interval (CI) were
calculated for each of these risk factors,
comparing fatal injury crashes to controls.
For each variable under study (for example
road surface condition), the risk of fatality for
each subcategory (for example wet, snow or
ice, and other) was compared with the refer-
ence category for that variable (for example dry
surface), denoted by OR= 1 in table 2. Re-
lationships between the risk factors for the
population in the primary analysis (that is fatal
cases and controls) were also tabulated using
contingency tables.

Although the literature shows that driver

characteristics, environment, crash type, and
vehicle type are all associated with fatal
injuries, it is not clear which of these factors
play the most important parts in predicting a
fatal injury crash. For this reason, we adopted
an exploratory approach using a stepwise
procedure to select the significant variables
from all potential risk factors available in
TRAID, rather than developing a model based
on specific hypotheses. Unconditional multi-
variate logistic regression analysis was used to
generate an exploratory model and to calculate
point and 95% CI estimates of ORs.5 26
The multivariate analysis was limited to

crashes for which there were no missing values.
Potential interaction between risk factors, for
example, between gender and drinking, gender
and speeding, and drinking and speeding were
also investigated using the log likelihood test.

In the secondary analyses, the same model
developed in the primary analysis was applied
to compare associations for major and minor
injury crashes to minimal injury crashes.

Results
With the exception of driver age and road
category, all risk factors considered in this
study were significantly associated with the risk
of fatal injury crashes in the bivariate analysis.
After adjusting for potential risk factors in the
multivariate logistic regression model, these
risk factors were still significant with the
exception of the sex of young drivers. Overall,
the relationships held, but less strongly, for
major injury crashes and minor injury crashes.
Table 2 presents the ORs for risk factors for
various levels of crash severity. Selected results
of the inter-relationships between risk factors
are described in the text below.

DRIVER CHARACTERISTICS
In the bivariate analysis, we observed that
crashes involving young male drivers were
almost twice as likely to be fatal as those
involving young female drivers. However, this
association was not significant after controlling
for other potential factors, suggesting that
other factors contribute to the differences in
severity of crash betwen males and females. In
the study population used for the primary
analysis (that is fatal cases and controls), 6.3%
ofyoung male drivers were using alcohol, 4.3%
were exceeding the speed limit, and 7.2% were
not using seat belts, compared with 1.8%,
1.6%, and 4.5%, respectively, of young female
drivers. We found that there was no significant
effect modification between gender and alco-
hol use or gender and speeding (change in log
likelihood 1.5, degree of freedom (df) = 3, p =
0.68 and 2.8, df = 1, p = 0.10, respectively),
that is young females and males who were
drinking or speeding had an equal risk of being
involved in a fatal crash.

Alcohol consumption increased the risk of
fatality in crashes by a factor of 2.3 for drinking
and driving and 4.8 for impairment, and
almost doubled the risk of major injury. Most
alcohol related crashes occurred at night, that
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is 8pm to 4am (72%), or on weekends, that is
Friday to Sunday (73%). Young drivers using
alcohol were seven times as likely to exceed the

Table 2 Factors affecting the sev
Cases
(fatl)

Risk factors (n=10C

Sex of driver
Female 23.19
Male 76.81

Driver condition
Normal 65.18
Drinking and driving 13.53
(BAC <0.08)

Impaired by alcohol 14.06
(BAC > 0.08)

Other conditions 7.24
Driver action
Not exceeding speed 80.69

limit
Exceeding speed 19.31

limits
Use of seat belts

Belt used 59.48
Belt not used 40.52

Ejection from vehicle
No ejection 78.30
Partial ejection 6.20
Full ejection 15.50

Season
Winter 18.24
Spring 20.71
Summer 34.69
Fall 26.36

Day of week
Monday to Thursday 39.35
Friday to Sunday 60.65

Hour of day
8 am- 11:59 am 10.96
Noon - 3:59 pm 15.84
4 pm - 7:59 pm 19.32
8 pm- 11:59 pm 23.51
12 am - 3.59 am 21.22
4am-7.59am 9.16

Roadway configuration
Intersection with traffic 4.96

controls
Intersection, no traffic 25.37

controls
Non-intersection 66.90
Other (bridge, tunnel) 2.78

Road surface condition
Dry 70.56
Wet 17.74
Snow or ice 7.53
Other (slippery, slush, 4.16
mud, sand)

Road material
Asphalt and concrete 90.87
Gravel, earth, or dirt 9.13

Speed limit (km/hour)
10-60 26.74
70-90 63.22
100 10.04

Weather conditions
Clear 78.49
Raining 9.02
Snowing 6.84
Other (fog, sleet, 5.65

strong winds)
Light conditions

Daylight 45.69
Dawn or dusk 5.15
Dark 40.54
Other (artificial road 8.62

light)
Crash configuration
Two vehicle rear-end 3.67

collision
Single vehicle collisions 45.59
Two vehicle side swipe 23.69

or turning
Two vehicle head-on 27.06

collision
Vehicle type
Automobile 81.27
Van or light truck 18.73

Vehicle manoeuvre
Slowing down 3.11
Going straight ahead 83.97
Turning or U turn 4.01
Changing lanes 3.51
Overtaking 5.41

speed limit, and driving over the speed limit
almost tripled (OR = 2.8) the risk of involve-
ment in fatal injury crashes. When effect

verity of motor vehicle traffic crashes involvingyoung drivers in Ontario, 1988-93
(%) Controls (%) Crude OR Adjusted ORs in multivariate modelt (95% CI)

(minimal) (95% CI)
09*) (n=41663*) Fatal v minimal Fatal v minimall Major v minimal$§ Minor v minimal¶f

35.33
64.67

90.31
2.90

1.29

5.49

97.03

2.97

94.56
5.44

99.21
0.47
0.32

24.23
22.72
27.12
25.92

51.69
48.31

14.77
25.32
30.10
17.48
7.91
4.42

24.78

41.48

32.62
1.13

59.77
27.70
9.16
3.37

95.11
4.89

72.17
21.38
6.45

74.09
16.68
6.84
2.40

63.08
4.10

22.92
9.90

36.27

22.77
38.54

2.42

86.19
13.81

21.15
61.15
13.17
3.00
1.53

1.00
1.81 (1.56 to 2.10)

1.00
6.45 (5.29 to 7.88)

15.05 (12.24 to 18.51)

1.83 (1.42 to 2.36)

1.00

7.82 (6.61 to 9.25)

1.00
11.85 (10.29 to 13.64)

1.00
16.88 (12.57 to 22.66)
60.77 (47.72 to 77.39)

1.00
1.21 (0.99 to 1.48)
1.70 (1.42 to 2.04)
1.35 (1.12 to 1.63)

1.00
1.65 (1.45 to 1.87)

1.00
0.84 (0.66 to 1.08)
0.87 (0.68 to 1.10)
1.81 (1.44 to 2.28)
3.61 (2.86 to 4.57)
2.79 (2.11 to 3.70)

1.00

3.06 (2.26 to 4.15)

10.26 (7.69 to 13.69)
12.30 (7.67 to 19.72)

1.00
0.54 (0.46 to 0.64)
0.70 (0.55 to 0.89)
1.05 (0.76 to 1.44)

1.00
1.95 (1.57 to 2.43)

1.00
7.98 (6.91 to 9.22)
4.20 (3.33 to 5.30)

1.00
0.51 (0.42 to 0.64)
0.94 (0.74 to 1.21)
2.23 (1.69 to 2.93)

1.00
1.74 (1.30 to 2.32)
2.44 (2.13 to 2.80)
1.20 (0.95 to 1.52)

1.00

19.80 (14.15 to 27.71)
6.08 (4.30 to 8.60)

110.73 (78.09 to 157.01)

1.00
1.44 (1.23 to 1.69)

1.00
9.35 (6.53 to 13.39)
2.07 (1.30 to 3.32)
7.95 (4.89 to 12.94)

24.10 (15.38 to 37.75)

1.00
1.17 (0.97 to 1.42)

1.00
2.31 (1.72 to 3.11)

4.77 (3.37 to 6.76)

1.36 (0.97 to 1.89)

1.00

2.84 (2.20 to 3.66)

1.00
4.67 (3.82 to 5.73)

1.00
5.34 (3.48 to 8.20)

21.27 (14.34 to 31.54)

1.00
0.93 (0.70 to 1.23)
1.16 (0.88 to 1.52)
1.25 (0.96 to 1.63)

1.00
1.10 (0.93 to 1.31)

1.00
0.95 (0.70 to 1.29)
0.97 (0.71 to 1.32)
1.70 (1.13 to 2.54)
1.43 (0.91 to 2.24)
1.27 (0.84 to 1.91)

1.00

2.18 (1.52 to 3.12)

3.09 (1.11 to 4.54)
4.05 (2.13 to 7.70)

1.00
0.80 (0.59 to 1.09)
0.35 (0.23 to 0.54)
0.77 (0.49 to 1.21)

1.00
0.50 (0.37 to 0.68)

1.00
5.56 (4.52 to 6.85)
5.37 (3.85 to 7.49)

1.00
0.83 (0.56 to 1.23)
1.11 (0.73 to 1.70)
1.58 (1.05 to 2.38)

1.00
1.18 (0.79 to 1.76)
0.69 (0.50 to 0.95)
1.10 (0.74 to 1.64)

1.00

2.33 (1.34 to 4.05)
6.94 (4.43 to 10.87)

80.04 (50.74 to 126.27)

1.00
1.06 (0.85 to 1.32)

1.00
1.88 (1.22 to 2.89)
0.85 (0.48 to 1.50)
1.11 (0.59 to 2.08)
1.91 (1.05 to 3.45)

1.00
0.99 (0.92 to 1.05)

1.00
1.75 (1.53 to 2.00)

1.82 (1.49 to 2.22)

1.38 (1.22 to 1.57)

1.00

1.65 (1.45 to 1.88)

1.00
2.75 (2.51 to 3.02)

1.00
2.42 (1.86 to 3.14)
6.96 (5.34 to 9.06)

1.00
1.14 (1.03 to 1.26)
1.22 (1.10 to 1.35)
1.10 (1.00 to 1.22)

1.00
1.12 (1.05 to 1.19)

1.00
1.11 (0.99 to 1.24)
1.17 (1.04 to 1.31)
1.51 (1.29 to 1.75)
1.42 (1.20 to 1.69)
1.35 (1.14 to 1.58)

1.00

1.22 (1.11 to 1.35)

1.26 (1.12 to 1.41)
1.30 (0.98 to 1.71)

1.00
0.91 (0.82 to 1.02)
0.71 (0.61 to 0.82)
0.87 (0.73 to 1.03)

1.00
0.80 (0.71 to 0.90)

1.00
2.83 (2.63 to 3.06)
1.88 (1.64 to 2.17)

1.00
0.92 (0.80 to 1.05)
0.95 (0.81 to 1.11)
1.06 (0.89 to 1.28)

1.00
1.01 (0.86 to 1.19)
1.02 (0.91 to 1.15)
0.99 (0.86 to 1.15)

1.00

2.02 (1.67 to 2.45)
3.43 (3.04 to 3.87)

13.01 (11.13 to 15.22)

1.00
1.12 (1.03 to 1.22)

1.00
1.35 (1.20 to 1.53)
1.03 (0.88 to 1.20)
1.07 (0.86 to 1.34)
1.64 (1.33 to 2.04)

1.00
0.94 (0.91 to 0.98)

1.00
1.21 (1.10 to 1.32)

1.25 (1.09 to 1.44)

1.22 (1.14 to 1.30)

1.00

1.25 (1.15 to 1.36)

1.00
1.74 (1.63 to 1.85)

1.00
1.55 (1.28 to 1.87)
1.99 (1.59 to 2.50)

1.00
1.04 (0.98 to 1.09)
1.15 (1.09 to 1.21)
1.09 (1.04 to 1.15)

1.00
1.03 (1.00 to 1.07)

1.00
1.03 (0.97 to 1.08)
0.99 (0.94 to 1.05)
1.13 (1.05 to 1.22)
1.07 (0.98 to 1.17)
0.98 (0.89 to 1.06)

1.00

1.12 (1.07 to 1.17)

1.05 (0.99 to 1.11)
1.06 (0.91 to 1.23)

1.00
0.96 (0.91 to 1.01)
0.89 (0.82 to 0.96)
0.98 (0.89 to 1.07)

1.00
0.88 (0.81 to 0.95)

1.00
1.36 (1.30 to 1.42)
1.21 (1.12 to 1.29)

1.00
1.01 (0.95 to 1.08)
0.99 (0.91 to 1.07)
1.01 (0.91 to 1.12)

1.00
1.06 (0.98 to 1.16)
1.03 (0.97 to 1.10)
1.09 (1.02 to 1.17)

1.00

1.19 (1.09 to 1.31)
1.52 (1.44 to 1.59)

2.65 (2.41 to 2.92)

1.00
1.03 (0.98 to 1.08)

1.00
1.12 (1.07 to 1.18)
1.03 (0.97 to 1.10)
1.03 (0.93 to 1.14)
1.14 (1.00 to 1.29)

*Numbers are slightly different for each exposure due to the missing values (<0.01%).
tThe multivariate analysis was limited to crashes for which there were no missing values.
lEach of ORs has been adjusted for all other variables in the table.
§There were 6646 major injury crashes in the study period.
TThere were 33 723 minor injury crashes in the study period.
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modification between alcohol and speeding
was examined in the multivariate model,
however, it was not statistically significant
(change in log likelihood 3.0, df = 3, p =
0.39). Of crashes involving speeding, 63%
were single vehicle collisions, compared with
22% of those not involving speeding.

Drivers who were not wearing seat belts
were 4.7 times as likely to be involved in fatal
crashes as those who were wearing seat belts.
Seat belt use was also significantly associated
with crashes of less severity. Ejection from the
vehicle was a strong risk factor for fatal injury
and was found to be related to not using a seat
belt. The log likelihood test used in the logistic
regression model indicated that ejection in-
creased the risk of fatal injury crashes inde-
pendent of seat belt use (change in log
likelihood 268, df = 2, p<0.0001). Both risk
factors were used in the final model.

ENVIRONMENT
Crashes occurring between the hours of 8 pm
and midnight were 1.7 times as likely to be fatal
crashes after controlling for all potential risk
factors in the logistic model. In addition, major
injury crashes were more likely to occur in
summer months, on weekends, or during night
hours (ORsfrom 1.1 to 1.5,p < 0.05, seetable 2).

Crashes at intersections without traffic con-
trols were twice as likely to be fatal as those at
intersections with controls and crashes occur-
ring on roads away from intersections were
three times as likely to be fatal as those at
intersections with controls.

Slippery, slushy, or other bad road surfaces
did not increase the risk of fatal injury crashes;
in fact, crashes on roads with snowy or icy
surfaces were less likely to be fatal than those
on dry roads. This does not necessarily mean
that traffic crashes are less likely to happen on
snowy or icy roads, but that collisions occur-
ring on such roads tend to be less severe.
Similarly, fatal injury crashes were less likely to
occur on gravel or dirt roads. On the other
hand, bad weather, such as fog, sleet, or strong
winds, did increase the risk of fatal crashes
slightly and significantly, even after controlling
for other risk factors.

After controlling for all risk factors including
speeding, crashes on roads with speed limits
over 70 km/hour had a significantly increased
risk of fatality compared with roads with limits
below 70 km/hour. Roads with speed limits of
100 km/hour did not have an increased risk of
fatality compared with those with speed limits
between 70 and 90 km/hour. Moreover, analy-
sis of the inter-relationship of risk factors
indicates that crashes on roads with higher
speed limits (that is > 70 km/hour) were 2.4
times as likely to involve exceeding of speed
limits as those on roads with lower speed limits.

CRASH CHARACTERISTICS
Head-on collisions increased the risk of fatality
by a factor of 80. Two vehicle side swipe and
single vehicle collisions were also at higher risk
of fatality compared with two vehicle rear-end

collisions (see table 2). Further examination of
the inter-relationship of crash figuration and
other risk factors indicated that head-on colli-
sions were more likely to involve alcohol
consumption (6.9%), speeding (3.4%), dark-
ness (31.7%), and bad weather conditions
(that is fog, sleet and strong wind, 6.0%)
compared with rear-end collisions (1.6%,
1.4%, 14.8%, and 1.7%, respectively). Vehi-
cles going straight ahead or overtaking another
vehicle were more likely to be fatal than those
where vehicles were slowing down. Making
turns (right; left, U) and changing lanes were
not statistically associated with increased risk
of fatality.
The crude OR showed that involvement of

vans or light trucks was significantly associated
with an increased risk of fatality. However, the
risk was not significant after controlling for
confounding factors in the multivariate analy-
s1s.

Discussion
This study supplements the current litera-
ture -2' by quantifying the relationship be-
tween driver, environment, and crash and
vehicle characteristics and the severity of the
crash. Risk factors that increased or decreased
the risk of fatal and/or major, minor injury
crashes compared with minimal injury crashes
are documented in table 2.

This study uses crash data to examine the
relationship between risk factors and the
severity of crashes in which an injury occurred.
The unit of observation is the crash involving a
young driver, not the young driver. The out-
come of the crash is determined by the most
severe injury sustained by any individual
involved in the crash. Note that this study
examines risk factors based on involvement in a
crash and not responsibility for crash initiation.

DRIVER CHARACTERISTICS
Both the primary and secondary analyses
indicated that fatal and major injury crashes
are strongly and directly related to three risk
factors-alcohol use, speeding, and not using
seat belts.

Previous studies have shown that young
male drivers have a higher risk of involvement
in traffic crashes than young female dri-
vers.7 6 27 Our results indicate, however, no
difference between young male drivers and
young female drivers in terms of the severity of
the crash given involvement in a crash invol-
ving injury. Young male drivers are reported in
many Canadian studies to be more likely to
engage in risky behaviors than young female
drivers, and male drivers are generally more
likely to drive daily, drive after drinking, drive
over the speed limit, drive through yellow
lights, and change lanes more frequently than
female drivers.28 -30 They are also less likely to
use seat belts. A recent report notes, however,
that young women are driving more, are
engaging in more risky behaviors, and are
involved in an increasing proportion of crashes
than in the past.3'
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Alcohol use is reported to be strongly
associated with increased risk of fatality in
many studies.'0-l" While the ORs for being
involved in a fatal crash (OR = 2 to OR = 5)
obtained in our study are considerably below
those for initiating a fatal crash (OR = 11.5), as
reported by Perneger and Smith,32 the use of
alcohol had a clear effect. Our study shows that
speeding is strongly associated with alcohol
use. Drinking drivers were less likely to use seat
belts than drivers who were not drinking (72%
v 95%), consistent with Foss et al who report
an OR 2.2 for non-use of seat belts among
drivers with a BAC 0. 1% or greater.33 Although
we were unable to assess the impact of vehicle
speed on crash severity because the informa-
tion is not available in the TRAID database,
Shibata and Fukuda state that a vehicle speed
over 50 km/hour at the time of a crash
increases the risk of fatality by a factor of
39.12 Nevertheless, our analyses do show that
exceeding the speed limit increased the risk of
fatality by a factor of 2.8 after controlling for
other factors.
Not using seat belts and ejection were also

independently and strongly associated with the
risk of fatal injury crashes. Not using seat belts
increased the risk by a factor of 4.7 for young
drivers in our study compared with 2.9 for the
drivers in a study by McGee and Rhodes.'5
Few studies have quantified the effect of
ejection from a vehicle on the risk of fatality;
Esterlitz estimates that ejection increases this
risk by a factor ranging from 2.5 to 25 if the
victim is completely ejected.34 We determined
that not using seat belts increases the risk of full
ejection by a factor of 28. Ejection occurred
more often in head-on collisions, consistent
with Esterlitz.34

ENVIRONMENT
Higher risk of fatality has been reported during
summer months, weekends, and night
hours.'6 1735 Unlike previous studies, we con-
trol for confounding factors including alcohol
use and speeding. The results of our study
indicate that crashes occurring between 8 pm
and midnight had an increased risk of fatal
outcome. Crashes occurring during summer
months or on weekends, however, did not
show an increased risk, indicating that alcohol
use and speeding accounted for at least some
of the increased risk during these time periods,
as observed in previous studies and in our
bivariate analysis.
The posted speed limit is a more controver-

sial risk factor for fatalities.3 2021 Our analyses
show that when the posted speed limit ex-
ceeded 60 km/hour, this risk increases. There
was no demonstrated difference in risk, how-
ever, between roads with speed limits of 70-
90 km/hour and 100 km/hour. As might be
expected, increased risk of fatal injury crashes
on roads with higher speed limits appears to be
associated with the increased frequency of
speeding, head-on collisions, and single vehicle
collisions.
Snowy or icy road surface and rainy condi-

tions may be inversely associated with fatal

injury crashes (see table 2). It has been
reported that crashes involving property da-
mage alone and crashes involving non-fatal
injuries occur more frequently on wet roads
and during snowy weather'; the reduced risk of
fatality may be due to drivers slowing down,
being more cautious, or avoiding driving
altogether.'3 Only fog, sleet, or strong winds
were found to increase, by a factor of 1.6, the
risk of fatal injury crashes.

CRASH CHARACTERISTICS
The effect of crash configuration associated
with young drivers has not been studied
extensively in previous studies.'8 Williams
reports that crashes involving young drivers
are more likely to be single vehicle collisions,
and these are more likely to be fatal. 6 Although
we found that head-on collisions had a higher
risk of fatality than single vehicle crashes, we
consider single vehicle crashes to be an
important factor responsible for fatalities: single
vehicle crashes alone represent 45.6% of all
fatal injury crashes in our study (see table 2).

STRENGTHS AND LIMITATIONS
This study has a number of strengths that
support the credibility of our findings. First,
the study, based on 1009 population based
(fatal) cases and 41 663 controls, has consider-
able statistical power to detect associations.
Second, TRAID data items are well defined
and wide ranging so that a number of potential
risk factors can be examined. Third, data
elements are generally complete: less than 1%
of records have missing values. Finally, the
data offer the opportunity to examine the
effects of risk factors on severity of crash: fatal,
major, or minor versus minimal injury. The
gradient patterns of ORs observed in the study
provide evidence for the causal associations.

There are, however, several limitations in
the data provided by TRAID. One concern is
that fatal injury, as defined by police, includes
death up to 30 days after the crash, although an
estimated 2% of deaths occur after 30 days
(personal communication, S Fraser, Labora-
tory Centre for Disease Control, Health
Canada, 1996). Another concern is the relia-
bility of police reported levels of injury severity:
some misclassification between levels is possi-
ble.36 Third is under-reporting of crashes,
especially for minimal injury crashes37 38; there
may be differences in distribution between
minimal injury crashes that are reported and
those that are not.39 This may result in
selection bias; it is difficult, however, to
estimate the direction and magnitude of this
bias. In general, missing data from controls
would bias the ORs away from the null (that is
overestimate the association), assuming that
potential controls that were missing (in this
case, minimal injury crashes not reported)
were more likely to be exposed to the risk
factors. Thus ORs regarding higher road speed
limits, night hours, and alcohol involvement
may be overestimated.
The OR for non-use of seat belts estimated
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in this study may be affected by the following
two factors. Unlike other exposures, seat belt
data were missing for 12% of cases and 8% of
controls. In general, missing data for cases
would bias the OR toward the null (that is
underestimate the association) if a greater
proportion of missing cases had the exposure
of interest than those for which exposure data
were available. For instance, it is possible that
some data would be missing for a person who
was killed immediately; it is also more likley
that this person would not be wearing a seat
belt. On the other hand, seat belt use is a self
reported variable, and controls, those involved
in minimal injury crashes, may over-report seat
belt use: 95% of controls reported using seat
belts compared with 85% observed in another
survey conducted in Ontario.40 This would
lead to overestimation of the OR.
The reliability of police reporting for alcohol

use has been documented by Kim et al.5 The
proportion ofBACs determined by blood tests,
breath tests, urine tests, or by observation
alone is not available. Alcohol use may be
under-reported in police reports, particularly
where those involved were severely injured and
taken to hospital. Similarly, evidence of speed-
ing is not based on instrumentation, but on
observations by police and/or statements by the
driver or witnesses.5 However, it is unlikely that
the direction or strength of the associations
were affected substantially: measurement
methods were comparable among cases and
controls and the pattern of ORs for alcohol use
and speeding was consistent for differing levels
of severity.

This study was unable to consider other
potential risk factors suggested in the litera-
ture2 41 42 such as driver's license status, driver
education, or emergency medical response
because these data were not available in
TRAID. Moreover, information about drug
use is incomplete.
The ORs estimated in this study reflect risk

of fatality or major injury given that there is a
crash and that there are injuries and do not
necessarily represent risk of fatality or major
injury among the general population of young
drivers in Ontario. The ORs, however, provide
quantitative evidence of risk factors for crash
severity and indicate directions for examining
these factors in the general population.

Implications for prevention
Prevention strategies for reducing fatalities
from traffic collisions must focus on behaviors
that place drivers in high risk circumstances.
The primary targets for injury prevention are
alcohol use, speeding, and seat belt use, which
are shown here to be independent risk factors
for severe crashes. Alcohol use and speeding
contribute not only to the risk of initiating or
being involved in crashes, as demonstrated in
other studies, but also to an increased risk of
fatality given that a crash has occurred, as
demonstrated in this study.

In addition, the inter-relationship between
risk factors should be considered. Reducing
alcohol use, for instance, would reduce speed-

ing and encourage seat belt use. Strategies to
encourage responsible alcohol use should focus
on young males and also on weekend and night
time driving. Similarly, speeding should be
targeted to reduce fatalities on roads with high
speed limits and single vehicle collisions. The
use of seat belts, which prevents ejection from
vehicle, can substantially affect the risk of death
or major injury.
Head-on collisions, most significant of all

single risk factors, are clearly an important
focus in preventing fatalities and major injuries
in motor vehicle crashes. In addition to
behaviors such as not drinking, not speeding,
and using seat belts, drivers can be taught to
chose lowest risk options to minimize the
severity of a potential crash, for example,
turning onto the road shoulder to avoid head-
on collision.

Current prevention stratagies in the province
of Ontario and elsewhere are targeting these
behaviors. However, as demonstrated by Mun-
ro et al,43 legislation and regulatory control may
be more effective than education alone. One
such legislative strategy is the graduated licen-
sing system instituted in Ontario in 1994,
which incorporates restrictions on new drivers
such as zero tolerance for alcohol use. Grad-
uated licensing in other jurisdictions appears to
have a significant effect on reducing crash
injuries for young drivers44 45; this study pro-
vides baseline data for the period preceding
implementation of such legislation.
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$35 million for ATV injuries

A jury in Alabama issued a judgment against Yamaha Motor Co for compensatory damages
of $35 million. The award is to a 20 year old who suffered severe brain damage after the
four wheel all terrain vehicle he was driving overturned on a dirt road (Baltimore Sun, 1 June
1996).

Boy kills brother with revolver

A 15 year old shot and killed his 2 year old brother with a revolver; he has pleaded guilty to
delinquent behaviour. The youth was smoking marijuana and drinking beer when the
incident occurred (D Martelli, Boston Globe, 6 June 1996).

Another dog versus child paradox

In New Hampshire (whose motto is 'Live Free or Die') it is now illegal to transport dogs in
the back of a pickup truck unless they are safely restrained. This law does not apply to
children!!

Helmet damages pick-up truck

An 8 year old bicyclist in Lancaster, MA, who was struck by a truck that had skidded more
than 75 feet, survived because of his helmet. 'The impact from the helmet put a hole in the
grille of the pick-up truck', police observed. The child's own comment: 'Better wear a
helmet. It hurts a lot if you don't' (A Brockelman, Fitchburg Sentinel Enterprise, 31 May
1996).
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